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INTRODUCTION 
The occurrence of 2,4-dihydroxy-7-methoxy-l,4(2H)-benzoxazin-
3-one (DIMBOA) in maize was first reported by Wahlroos and Virtanen 
in 1959. Since then, the content of this benzoxazinone has been 
related to the resistance of wheat to stem rust, maize to stalk 
rot and attack by the European corn borer, and certain plants 
to 2-chloro-3-triazine herbicides. DIMBOA also inhibits the growth 
of some microorganisms. 
The biosyntheses of benzoxazinones in plants are not yet well 
known. The agronomic role and the unique chemical structure of 
DIMBOA have led to the present study of its biosynthesis. The 
research reported in this dissertation was conducted in order to 
identify and disprove some probable precursors to DIMBOA as well 
as to elucidate the sequence of the precursors in the biosynthetic 
pathway. 
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REVIEW OF LITERATURE 
In 1959, Wahlroos and Virtanen (1) reported the isolation of 
2-0-glucosyl-4-hydroxy-7-methoxy-l,4(2H)-benzoxazin-3-one (DIMBOA 
glucoside) and 2,4-dihydroxy-7-methoxy-l,4(2H)-benzoxazin-3-one 
(DIMBOA) from maize and wheat and the sequential relation of DIMBOA 
glucoside, DIMBOA, and 6-methoxy-2(3)-benzoxazolinone (6MB0A). 
DIMBOA glucoside is the primary substance in the intact plants. When 
the plant tissues are crushed or homogenized, a glucosidase is released 
which rapidly hydrolyzes the glucoside to the aglucone. Free aglucone, 
in much smaller quantity, also exists in plants (2), Upon heating in 
aqueous solution, DIMBOA decomposes quantitatively into 6MB0A and 
formic acid (3). 6MB0A does not occur in plants (2, 4). 
The special interest in DIMBOA arises from its relationship to 
certain agronomic phenomena. The content of this hydroxamic acid 
is related to the resistance of wheat to stem rust (5), maize to 
stalk rot (6) and attack by the European corn borer (7), and certain 
plants to 2-chloro-s-triazine herbicides (8, 9, 10). Simazine is 
detoxified by either 2-hydroxylation or dealkylation in plants (10). 
DIMBOA and DIMBOA glucoside in vitro convert simazine to hydroxy-
simazine (10, 11, 12). Husted (12) has shown that DIMBOA is a 
catalyst in this reaction. Klun and Brindley (7) reported a linear 
relationship between the logarithm of the amount of 6MB0A, derived 
from DIMBOA, isolated from various inbred strains of maize and the 
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resistance of these strains to attack by larvae of the European corn 
borer, Ostvinia nubi-ldlis. Purified DIMBOA and 6MB0A are feeding 
deterrents for corn borer larvae when added to a defined nutrient 
medium, but the activity of 6MB0A is attenuated by the addition of 
niacin (13). 
2-0-Glucosyl—4-hydroxy-l,4(2H)-benzoxazine-3-one (DIBOA 
glucoside) and its aglucone (DIBOA), compounds structurally related 
to DIMBOA glucoside and DIMBOA, were reported isolated from rye 
seedlings (14, 15). Similarly, DIBOA is the enzymatic hydrolysis 
product of the glucoside and DIBOA decomposes to 2(3)-benzoxazolinone 
(BOA) and formic acid. DIBOA glucoside and DIBOA also exist in 
maize (16, 17), in quantities 1/10 to 1/20 of that of DIMBOA 
glucoside and DIMBOA (17). Klun and Robinson (17) measured the 
concentrations of the benzoxazinones, DIMBOA and DIBOA, in corn 
at various stages of development of the plant. The embryonic 
plant has a higher content of benzoxazinones than the endosperm 
and scutellum. Biosynthesis of benzoxazinones takes place 
throughout the life development of the plant, but the overall 
concentration in the whole plant decreases as the plant matures. 
Concentrations are generally highest in root and then in decreasing 
order in the stalk, whorl, and leaf. 
Bredenberg et al. (3) studied the kinetics of the decomposition 
of DIBOA and found the reaction to be first order and dependent upon 
4 
the concentration of the anion of the hydroxamic acid. Studies 
on structurally related compounds showed that the decomposition 
requires an N-hydroxy group and an easily ruptured 0(1)-C(2) 
bond (18). 
DIMBOA, DIBOA, 6MB0A, and BOA have antimicrobial activity. 
These compounds have a similar growth inhibiting effect on 
Fusarium nivale (1, 19). DIBOA was also reported to have anti­
bacterial activity on StaphyZoaoccus aureus^  Pseudomonas 
fluovesoens, and Esaheriohia aoli (19). The effects on bacteria 
and the fungus are similar. Honkanen and Virtanen (19) 
synthesized and investigated the antifungal activities of some 
1,4-benzoxazine derivatives and concluded that the compounds 
with an NOH group are about twice as effective as the corre­
sponding compounds with an NH group. The glucosides have no 
antimicrobial activity (1). 
In 1967, Tipton et al. (16) and Gahagan and Mumma (20) 
simultaneously reported the isolation of 2-0-glucosyl-7-
methoxy-l,4(2H)-benzoxazin-3-one (HMBOA glucoside) and its 
aglucone (HMBOA) from maize. The function of these compounds 
in plants has not been assigned yet. Tipton et al. (16) 
suggested possible biosynthetic and functional relations 
between DIMBOA, DIBOA, HMBOA, and their glucosides. However, 
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Rusted (12) could not demonstrate any biosynthetic relation 
between DIMBOA and HMBOA in corn seedlings. 
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H OH OH DIBOA DIMBOA HMBOA 
H 
=0 
H 
6-MBOA 
6 
In 1964, Reimann andByerrum (21) studied the biosynthesis of 
DIMBOA by administering to the stems of corn seedlings a number 
of "^^ C-labeled metabolites, which might serve as precursors. They 
concluded that the aromatic ring moiety is synthesized from quinic 
acid, very likely by the shikimic acid pathway; the carbons in 
positions 2 and 3 originate from carbons in positions 2 and 1 of 
ribose; and the 7-methoxyl carbon from methionine. They also 
reported that tryptophan, which catabolically gives rise to 3-
hydroxyanthranilic acid, is unlikely to be a precursor to DIMBOA. 
The 2-carbon compounds acetate, glycine, and glycollate, which 
can be generated from carbon 1 and 2 of ribose, were also found 
not to be precursors to DIMBOA. Reimann and Byerrum postulated 
a pathway, which is similar to the biosynthesis of the pyrrole 
ring of tryptophan established by Smith and Yanofsky (22), for 
the synthesis of the oxazine ring of DIMBOA. The reaction sequence 
would be initiated by a condensation of ribose, or its phosphorylated 
derivative, with an amino-substituted aromatic compound derived 
from the shikimic acid pathway to form a ribosyl intermediate, 
an Amadori type rearrangement to yield the l-deoxy-2-keto 
derivative, followed by ring closure to include carbons 1 and 2 
of ribose in the oxazine ring, elimination of the triose moiety, 
and oxidation of the molecule to the levels found in DIMBOA. 
This mechanism suggests that the carbon-nitrogen bonds 
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are formed prior to the N-hydroxylation to yield the cyclic 
hydroxamate in the molecule. 
In 1968, Husted (12) reported that anthranilic acid is a 
better precursor than quinic acid for the synthesis of DIMBOA. 
The results of feeding anthranilic acid-l-^ C^ and anthranilic 
acid-^ % to corn seedlings indicated that both the aromatic 
ring and the nitrogen are incorporated to the same extent into 
DIMBOA. Husted's work is consistent with the suggestion that 
the aromatic ring of DIMBOA is synthesized by the shikimic 
acid pathway. For the formation of the oxazine ring, Husted 
suggested that anthranilic acid, 3-hydroxyanthranilic acid, or 
o-aminophenol may be the aromatic amine which condenses with 
ribose or its phosphorylated derivative. 
Anthranilic acid is a substrate for the biosynthesis 
of catechol in Teooma stans (23). When the multi-enzyme system 
is resolved, 3-hydroxyanthranilic acid and o-aminophenol 
accumulate. Hydroxylation is the first step and the anthranilic 
acid hydroxylase isolated requires tetrahydrofolic acid, DPNH 
or TPNH as cofactor. Among the cofactors tested, tetrahydro­
folic acid is the best one, although a combination of tetra­
hydrofolic acid and DPNH or TPNH gives highest activity. 
Ferric ion also activates the hydroxylation. In Fseudomonas 
fluovesaens (24), anthranilic acid is converted to catechol 
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In the presence of DPNH and 0^  without the formation of any 
detectable intermediate. In Teooma stans, anthranilic acid is 
also a substrate for the formation of cinnabarinic acid (25) 
and isophenoxazine (26). 3-Hydroxyanthranilic acid and o-
aminophenol were found to be intermediates for the formation 
of isophenoxazine and 3-hydroxyanthranilic acid to be an 
intermediate for the formation of cinnabarinic acid. 
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MATERIALS AND METHODS 
Commercial Materials 
Silica gel G and were products of Brinkman Instruments, 
Inc., Westbury, N. Y. 2,5-Diphenyloxazole and l,4-bis-[2-(4-
methyl-5-phenyl-oxazolyl]-benzene (scintillation grade) were 
obtained from Packard Instrument Company, Inc., Downers Grove, 
111. Shikimic acid-^ C^, methionine-methyl-^ C^, o-nitrotoluene-1-
and phenol-l^ C were purchased from Tracerlab, Waltham, Mass. 
Sodium glycollate-l-l^ C and aniline hydrogen sulfate-^ *^0 were obtained 
from Amersham/Searle Corporation, Des Plaines, 111. Purified 3-
hydroxyanthranilic acid was tritiated by Tracerlab, Waltham, Mass. 
All other chemicals used and not specified were reagent grade. 
Methods 
Thin-layer chromatography 
Microscope slides (2.5 cm x 7.6 cm), 2.5 cm x 20 cm glass 
plates, and 20 cm x 20 cm glass plates coated with silica gel G 
or GFgg^  to a thickness of 250 y were used for thin-layer chroma­
tography. The chromatographic solvents used were as follows: 
1. diethyl ether saturated with deionized water:formic acid (99:1 
v/v) (solvent A); 2. diethyl ether saturated with deionized water 
(solvent B); and 3. chloroform:methanol:dçionized water:formic 
acid (100:10:9.6:0.4 v/v) (solvent C). DIMBOA was detected by the 
characteristic blue color of the hydroxamic acid when sprayed with 
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acidic ferric chloride. The ferric chloride spraying reagent (12) 
consisted of 50 grams of FeCl^ 'GHgO in 500 ml of 95% ethanol made 
0.1 N in hydrochloric acid. Aromatic compounds were detected under 
a UV lamp in a dark room when GF2$^  plates were used. 
Paper chromatography 
Whatman No. 1 papers were cut into sheets 20 cm long. Samples 
were spotted on a line 2.5 cm from one end. The solvent methanol: 
benzene:chlroform:deionized water (2:1:1:1) (solvent D) was used 
for ascending paper chromatography. Phosphorylated compounds were 
detected by their blue color when the paper was sprayed with Hanes-
Isherwood ammonium molybdate reagent (27) [60 vol. of water, 10 
vol. of 1 N HCl, 50 vol. of 60% (w/w) HCIO^ , and 25 vol. of 4% (w/v) 
ammonium molybdate] and dried by a hot hair dryer under a UV lamp. 
Ribose derivatives, following Amadori rearrangement, were detected 
by spraying in order with 0.5% of triphenyltetrazonium chloride 
in chloroform and 2 ^  potassium hydroxide in 50% ethanol (22). 
The reaction was recorded positive only if an intense red color 
appeared within two minutes at room temperature. Anthranilic 
acid and 3-hydroxyanthranilic acid were detected by their blue 
fluorescence under UV light. o-Aminophenol turned reddish brown 
when treated in order with 0.5% triphenyltetrazonium chloride in 
chloroform and 2 potassium hydroxide in 50% ethanol. 
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Ultraviolet spectrophotometry 
Ultraviolet spectra were obtained using a Gary 15 spectro­
photometer equipped with the Cary-Datex SDS-1 data recording system. 
The ultraviolet spectra of DIMBOA, anthranilic acid, 3-hydroxyanthra-
nilic acid, and o-aminophenol were recorded. The following molar 
extinction coefficients were obtained at the wavelengths of maximum 
absorption and in the solvents indicated: DIMBOA, E = 10,490 
at 263 nm in 95% ethanol; anthranilic acid, E = 2,928 at 310 nm 
in 0.02 M pH 7 potassium phosphate buffer; 3-hydroxyanthranilic 
acid, E = 3,438 at 317 nm in 0.02 M pH 7 potassium phosphate buffer; 
o-aminophenol, E = 2,826 at 283 nm in 0.02 M pH 7 potassium 
phosphate. 
Detection and measurement of radioactivity 
The radioactivity on a 20 cm x 20 cm thin-layer chromatogram 
or a paper chromatogram was detected by radioautography with an 
Eastman Kodak Blue X-ray film of the same size in a lead foil-
lined holder. After two to four weeks of exposure, the X-ray 
film was developed. 
A Packard Model 3310 Tri-Carb liquid scintillation counter, 
with Bray's solution (28) as the scintillator, was used for counting 
radioactive samples. 
The radioactivity profile on 2.5 cm x 20 cm thin-layer plates 
were obtained using a device constructed in the Chemistry shop, 
ISU, following plans published by Snyder and Kimble (29). Narrow 
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bands of silica gel were scraped from the plates into scintillation 
vials, the dioxane scintillator was added to each vial and the 
radioactivity was measured as described above. 
Synthesis of Possible Metabolic Intermediates 
Synthesis of anthranilic acid-l-^ C^ 
The procedures reported by Husted (12) were followed except that 
80% ethanol instead of absolute ethanol was used as the solvent for 
the catalytic hydrogénation. One ml of water was added to 100 micro-
curies of o-nitrotoluene-l-l'+C (234 mg) in a 50 ml round-bottom flask. 
The mixture was stirred vigorously with a magnetic stirrer. The round-
bottom flask was fitted with a water-cooled condenser and heated on a 
steam bath resting on the magnetic stirrer. Potassium permanganate 
(506 mg) dissolved in 8 ml of water was added gradually over a period 
of two hours through the condenser. After 24 hours of reaction, 
the mixture was filtered (hot), evaporated to 4 ml on a hot 
plate, cooled, and acidified with concentrated hydrochloric 
acid to pH 1. Crystals appeared and the mixture was stored 
in a refrigerator overnight for further crystallization. 
The crystals of o-nitrobenzoic acid-l-^ C^ were collected by 
centrifugation and the supernatant was removed by pipetting 
through a fine capillary. The crystals were dried in a rotary 
evaporator. The radiochemical yield was 20.8%. 
The crystals of o-nitrobenzoic acid-l-^ C^ were dissolved in 
12 ml of 80% ethanol and transferred to a hydrogénation flask. To 
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the ethanol solution, 100 mg of catalyst, 5% palladium on charcoal, 
was added. The flask was flushed with hydrogen and stirred 
vigorously with a magnetic stirrer for three hours under 1 
atmosphere pressure of hydrogen. The solution was filtered 
through a fine sintered-glass filter and the filtrate was 
evaporated to a small volume under a stream of nitrogen. Anthranilic 
acid-l-l^ C was dissolved in the smallest amount of hot water and 
the solution was stored in a refrigerator overnight for crystalliza­
tion. The crystals of anthranilic acid-l-^ C^ were collected by 
centrifugation and water was removed through a fine capillary. 
The crystals were dried in a vacuum desiccator. The crystals 
were further purified by extracting with several ml of absolute 
ethanol and removing the undissolved white residue by centrifugation. 
Ethanol was. evaporated under a stream of nitrogen. Measured 
spectrophotometrically, 39.5 mg of anthranilic acid-l-^ C^ was 
obtained. The overall yield for the conversion of o-nitrotoluene-1-
to anthranilic acid-l-l^ C was 16.8% and 12.3% of the theoretical 
yield on the basis of weight and radioactivity respectively. 
The anthranilic acid-l-l^ c had a paper chromatographic Rf value 
of 0.9 using solvent D and its subsequent radioautograph indicated 
no detectable radioactive impurity. The UV spectrum had absorption 
maxima at 310 nm and 240 nm when the sample was dissolved in 0.02 
M pH 7 potassium phosphate buffer. The anthranilic acid-l-^ C^ 
had a specific radioactivity of 76,000 cpm per micromole. 
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Synthesis of 0-aminophenol-^  ^C 
The nitration of phenol to form o-nitrophenol was adapted from 
the procedure described by Menka (30). Fifty microcuries of phenol-
(208 mg) was dissolved in 0.4 ml of a glacial acetic acid in a 
test tube. To this solution, 0.4 ml of a glacial acetic acid solution 
of Cu(N02)2*3H20 (0.42 gram) was added dropwise and the test tube 
was shaken constantly in cold water to keep the temperature below 
26°. After 30 minutes, 4 ml of deionized water was added and the 
crystals of o-nitrophenol appeared. The mixture was put in a 
refrigerator several hours for further crystallization. The crystals 
were collected by centrifugation and washed several times with small 
portions of cold water. The o-nitrophenol-^ C^ was dried in a vacuum 
desiccator. The yield was 20% and 25% on the basis of radioactivity 
and weight respectively. 
The hydrogénation of g-nitrophenol to form o-aminophenol 
followed the procedure for the hydrogénation of o-nitrobenzoic acid. 
o-Nitrophenol-^ C^ (76.5 mg) was dissolved in 10 ml of 80% ethanol 
in a hydrogénation flask. To the ethanol solution, 100 mg of 
5% palladium on charcoal was added and the flask was flushed 
with hydrogen. The hydrogénation was carried out at 1 atmosphere 
pressure of hydrogen and the solution was stirred vigorously 
with a magnetic stirrer for three hours. The solution was then 
filtered through a fine sintered-glass filter and the filtrate 
was evaporated almost to dryness under a stream of nitrogen. 
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o-Aminophenol-^ '^ C was recrystallized from absolute ethanol. The 
yield was 11% of theoretical on the basis of either radioactivity 
or weight. 
The o-aminophenol-l^ C obtained had a specific radioactivity of 
42,000 cpm per micromole. The amount of o-aminophenol was measured 
spectrophotometrically. This o-aminophenol-l^ C had a paper 
chromatographic Rf of 0.87 using solvent D and the radioautograph 
indicated no significant radioactive impurity. When it was 
dissolved in 0.02 M pH 7 potassium phosphate buffer, the UV 
spectrum had absorption maxima at 280 nm and 230 nm. o-Aminophenol 
is very unstable in the air. Whenever the compound turned brown, 
it was purified by washing with a minute amount of absolute 
ethanol or recrystallization from absolute ethanol. 
Purification of 3-hydroxyanthranilic acid 
Two grams of deep-brown colored 3-hydroxyanthranilic acid 
was dissolved in 1 liter of hot absolute ethanol and treated 
consecutively with 10 grams and 5 grams of acid-washed charcoal. 
After filtration through a folded filter paper, the alcoholic 
solution of 3-hydroxyanthranilic acid was evaporated to dryness 
by using a rotary evaporator. The light-brown colored fine 
powder was washed with small portions of cold ethanol for several 
times and the light-cream colored 3-hydroxyanthranilic acid 
was dried in a vacuum desiccator. The yield was 1.3 gram. 
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This purified 3-hydroxyanthranilic acid had absorption maxima 
at 317 nm and 250 nm in 0.02 M pH 7 potassium phosphate. The 
Rf value on paper chromatography was 0.89 using solvent D. 
Synthesis of 1-(o-carboxyphenylamino)-l-deoxyribulotide 5-phosphate 
The trivial name, anthranilic deoxyribulotide, is also used 
and is abbreviated as AdR in this thesis. The trivial name 
has the advantage of emphasizing the compound is a derivative 
of anthranilic acid. 
One-tenth milUmole of anthranilic acid was dissolved in 
0.1 ml of absolute ethanol. This solution was added to 0.1 ml 
of 1 M ribose 5-phosphate. The mixture was incubated in a 50° 
water bath for a few minutes. Ten yl of diethylmalonate was 
then added as a catalyst for the Amadori rearrangement (31). 
The yellowish solution stood at room temperature for three 
hours and was then stored in a refrigerator overnight. Ethanol 
was added and a yellow precipitate appeared. More ethanol 
was added until no more precipitate was formed. The yellow 
powder was washed with several 2 ml portions of ethanol to 
remove any unreacted anthranilic acid. The powder was then 
dried in a vacuum desiccator. The yield was 66% of the theoretical 
yield on the basis of weight. 
The acidified anthranilic deoxyribulotide had a Rf value of 0.73 
on paper chromatography using solvent D. It gave positive responses 
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to the Hanes-Isherwood reagent and triphenyltetrazolium reagent. 
The compound had an absorption maximum at 320 nm in 0.02 M 
pH 7 potassium phosphate. IXfhen the product was adjusted to a 
pH higher than 13 with 1 ^  sodium hydroxide and incubated at 
room temperature for one hour, anthranilic acid was released 
and the absorption maximum shifted to 310 nm. 
(A-2'-^ '^ C)dR was synthesized according to the procedure 
described above. The synthesis started with 115.2 ymoles of 
anthranilic acid-l-^ C^ in 0.12 ml ethanol and 71.4 ymoles of 
(A-2' -^ C^)dR was obtained. The amount of (A-2'—^ '^ C)dR was 
estimated from measurement of the radioactivity, assuming no 
contamination by any radioactive impurity. The radioautograph 
of a paper chromatogram showed contamination of less than 1% 
of anthranilic acid-l-^ C^. 
Synthesis of l-(2-carboxy-6'-hydroxyphenvlamino)-l-deoxvribulose 
5-phosphate 
The trivial name, 3-hydroxyanthranilic deoxyribulotide, is 
also used and is abbreviated as HAdR in this thesis. 
One-tenth miUimole of 3-hydroxyanthranilic acid was 
dissolved in 0.05 ml of dimethyl sulfoxide followed by the 
addition of 0.2 ml ethanol. This solution was added to 0.1 
ml of a 1 M ribose 5-phosphate solution. 3-Hydroxyanthranilic 
acid was precipitated and ethanol was added until the precipitate 
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redissolved. Following the addition of ethanol, some oily 
material appeared and a small amount of water was added. 
Ethanol and water were added until the mixture became a clear 
solution. The mixture was then warmed at 50° for several minutes, 
then allowed to stand at room temperature in an open test tube. 
The mixture was checked occasionally and ethanol was added when 
any precipitate appeared. After several days, the mixture was 
reduced to a small volume of clear brown aqueous solution with 
a small amount of brown substance adhering to the wall of the 
test tube. The clear solution was carefully removed with a 
pipet and was placed in a vacuum desiccator for several hours 
to remove part of the water. Absolute ethanol was added and 
a yellow precipitate was collected by centrifugation. The 
yellow powder was washed with two 0.2 ml portions of dimethyl 
sulfoxide and then with 0.4 ml of ethanol to remove any un-
reacted 3-hydroxyanthranilic acid and other possible impurities. 
The product was dried in a vacuum desiccator. The acidified 
product had a paper chromatographic Rf value of 0.75 using 
solvent D and it gave positive responses to Hanes-Isherwood 
reagent and triphenyltetrazoniuin reagent. The paper chromatogram 
showed the product contained some ribose 5-phosphate. The product 
had an absorption maximum at 323 nm in 0.02 M pH 7 potassium 
phosphate. The absorption maximum shifted to 317 nm when it 
was adjusted to alkaline pH and incubated at room temperature 
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for one hour. 
(HA-^ H)dR was prepared as described above. The specific 
radioactivity of the starting material, 3-hydroxyanthranilic acid-
was 380,500 cpm per micromole. The amount of (HA-^ H)dR 
was calculated from measurement of the radioactivity assuming 
no contamination by any radioactive impurity. The yield was 
approximately 15%. 
Synthesis of 1-(o-hydroxyphenvlamino)-l-deoxvribulose 5-phosphate 
The trivial name, o-aminophenol deoxyribulotide is also 
used and is abbreviated as APdR in this thesis. 
One-tenth millimole of o-aminophenol was dissolved in 0.2 
ml of warm ethanol. This solution was added to 0.1 ml of 1 M 
ribose 5-phosphate solution in a test tube. The mixture was 
warmed at 50° for several minutes. Twenty microliter of 
acetic acid was added as the catalyst for the Amadori rearrange­
ment (31).' The mixture stood at room temperature for 3 hours and 
was then stored in a refrigerator overnight. Excess absolute 
ethanol was added to precipitate APdR. The yellow powder was 
collected by centrifugation and washed with absolute ethanol 
several times. The yield was 42% of the theoretical yield on 
the basis of weight. The product had a UV absorption maximum 
at 288 nm in 0.02 M pH 7 potassium phosphate. The absorption 
maximum shifted to 280 nm when it was incubated at room temperature 
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for one hour in alkali. On paper chromatography the acidified 
product had an Rf value of 0.7 using solvent D and it showed a 
small amount of contamination by ribose 5-phosphate. The APdR 
gave positive responses to Hanes-Isherwood reagent and triphenyl-
tetrazonium reagent. 
(AP-14c)dR was synthesized as described above. The purity 
was checked by radioautography of a paper chromatogram. No 
radioactive impurity was detected. The amount of (AP-^ C^)dR 
was estimated from measurement of the radioactivity. 
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EXPERIMENTAL PROCEDURES 
General Procedures 
Culture of corn seedlings 
Maize seeds of the inbred line C131A were sown in moist washed 
silica sand and incubated at 30° in a dark chamber for seven to 
ten days with occasional watering. The etiolated seedlings were 
used when they were about 15 cm in height above the sand. 
Feeding of radioactive substrates to corn seedlings 
The feeding of isotopically labeled compounds to corn 
seedlings was carried out in the following two ways; 1. The 
roots and seeds of corn seedlings were cut off under water. 
The cut stems were then placed in a test tube containing a 
small volume of an aqueous solution of a radioactive labeled 
compound. After all the isotopic solution was taken up by the 
plants through the cut stems, in 4 to 5 hours, more water was 
added. After 24 hours at room temperature the seedlings were 
homogenized and DIMBOA was isolated. 2. The etiolated corn 
seedlings remained in the sand. An aqueous solution of an 
isotopically labeled compound was placed in the whorl portion 
of the plant and absorbed through the surface of the leaf. 
The feeding was dropwise; one drop of solution was completely 
taken up before another drop was administered. The plant was 
allowed to metabolize at room temperature for a total of 24 
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hours. The seedlings were then homogenized and processed for 
the isolation of DIMBOA. 
Isolation and crystallization of DIMBOA 
The procedures described by Husted (12) were adapted. The 
corn seedlings were finely chopped and ground with sand and a 
small amount of water using a mortar and pestle. In order to release 
DIMBOA from its glucoside by glucosidase, the homogenate was 
allowed to stand at room temperature for one hour. The homogenate 
was then squeezed through layers of Pyrex wool and the residue 
was washed with a small amount of water. The filtrate and the 
washing were combined and extracted three times with equal 
volumes of diethyl ether. The extraction was carried out in 
a 50 ml centrifuge tube having a glass stopper. The aqueous 
solution and ether were mixed thoroughly and the emulsion 
was broken by centrifugation. The ether was transferred by 
pipetting to a 15 ml centrifuge tube and evaporated under a 
stream of nitrogen. The centrifuge tube was then dried in a 
vacuum desiccator. The residue was washed with a minute amount 
of chloroformimethanol (95:5) and then dissolved in 0.5 ml 
acetone. The insoluble substance was discarded after centrifu­
gation. The acetone solution was heated and evaporated to less than 
0.2 ml. To this solution, Skelly B was added until the solution 
became turbid. After the solution was allowed to stand for 
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several hours in a refrigerator, the crystals were collected 
by centrifugation and washed with Skelly B. The purity of 
DIMBOA was checked by micro thin-layer chromatography using 
solvent B. A single spot having an Rf value of 0.15 was 
observed under UV light and it turned blue when sprayed with 
the FeClg reagent. In this solvent, DIMBOA is well separated 
from HMBOA (Rf 0.40). 
Specific radioactivity of DIMBOA 
The DIMBOA crystals were dissolved in 95% ethanol and the 
concentration was measured spectrophotometrically. A known 
amount of DIMBOA was then transferred to a scintillation vial, 
evaporated to dryness and counted. The specific radioactivity 
of DIMBOA was expressed in cpm per micromole. 
Feeding Experiments 
Shikimic acid-^ ç^ 
Four microcuries of shikimic acid-^ C^ (specific activity 
15.4 X 10^  cpm per micromole) in 0.8 ml of water was fed to 
five 15 cm high etiolated corn seedlings through the cut stems. 
Half of the ether extract was used for the isolation and 
crystallization of DIMBOA. The other half of the ether extract 
was used for chromatography. Part of the extract was applied 
to Whatman filter paper and developed with solvent D. The 
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radioautogram had only one major radioactive spot having an Rf value 
of 0.86 and some minor spots streaking from the origin. The spot 
at Rf 0.86 was eluted with water. The eluate was concentrated 
and spotted on a 20 cm x 20 cm silica gel G plate. The plate 
was developed with solvent A. Part of the ether extract was 
also directly spotted on a 20 cm x 20 cm silica gel G plate 
and developed with solvent A. 
3-Hydroxyanthranilic acid-^ H 
An aqueous solution of 0.5 pmole of 3-hydroxyanthranilic 
acid-^ H (specific radioactivity 2 x 10^  cpm per micromole) was. 
fed to six etiolated corn seedlings by both of the two methods 
described previously. The DIMBOA was isolated and the specific 
activity of DIMBOA was measured. 
The Incorporation of Radioactive Substrates 
into DIMBOA by a Cell-free System 
Preparation of corn extract 
Thirty grams of etiolated corn seedlings was chopped and put 
in a Waring blender having a cooling jacket containing ice-water. 
Thirty ml of pH 7 buffer containing potassium phosphate (0.02 M), 
potassium ascorbate (0.01 M), mercaptoethanol (0.01 M), and 
magnesium chloride (0.001 M unless otherwise specified) was 
added. The mixture was homogenized for one minute. After two 
minutes, the mixture was homogenized for another minute. The 
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horaogenate was then filtered through layers of Pyrex wool. The 
filtrate was used for the study of DIMBOA biosynthesis. 
Incorporation of methionine-methyl- ^ ^*0 into DIMBOA 
Magnesium chloride was omitted in the preparation of this 
extract. Three ml of reaction mixture contained: ATP, 4 pmoles; 
MgClg, 4 ymoles; methionine-methyl-^ *^0, 1 yc; and 2.4 ml of corn 
extract. ATP and MgClg were omitted in the control reaction 
mixture. After incubation at 30° for 60 minutes, the reaction 
was stopped by addition of 0.2 ml of 50% trichloroacetic acid. 
The precipitated protein was removed by centrifugation. The 
supernatant was extracted with diethyl ether three times. The 
ether was evaporated under a stream of nitrogen. The residue 
was dissolved in a small amount of acetone and half of the acetone 
solution was spotted on a 2.5 cm x 20 cm silica gel G thin-layer 
plate and developed with solvent A. The radioactivity profile 
of the thin-layer plate was then obtained as described previously. 
Incorporation of shikimlc acid-^ C^, anthranilic acid-l-l^ ç, and 
3-hydroxyanthranilic acid-^ H into DIMBOA 
Three ml of reaction mixture contained: ATP, 5 pmoles; 
shikimic acid-^ c^, 360,000 cpm or anthranilic acid-l-^ C^, 300,000 
cpm or 3-hydroxyanthranilic acid-^ H, 1,800,000 cpm; and 2.5 ml of 
corn extract. The reaction was conducted at room temperature 
for three hours and stopped by mixing with an equal volume of 
cold ether. DIMBOA was isolated as described in the preceding section. 
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The incorporation of anthranilic acid-l-^ C^, (A-2'-^ '^ C)dR, 3-
hydroxyanthranilic acid-^ H, (HA-^ H)dR, o-aminophenol-^  '*C, and (AP-
14c)dR into DIMBOA 
The five ml reaction mixtures contained: radioactive 
labeled substrate (as indicated), 5 ymoles; with or without ATP, 
10 ymoles; with or without TPM, 5 ymoles; with or without ribose 
5-phosphate, 5 pmoles; and 4.5 ml of corn extract. The reaction 
was carried out at 30° for 60 minutes. The reaction was stopped 
by mixing with equal volume of cold ether and the test tube 
was placed in an ice-water mixture before processing for DIMBOA 
isolation. The purity of the DIMBOA was checked by micro thin-
layer chromatography. Whenever any impurity was observed, DIMBOA 
was further purified by thin-layer chromatography using four to 
five micro silica gel plates and solvent B. The silica 
gel containing DIMBOA was scraped off the plates and eluted with 
95% ethanol. The impurities occasionally observed were HMBOA 
and some colored substance at the origin. 
The incorporation of mixed radioactive substrates into DIMBOA 
Five umoles of (A-Z'-^ C^) and 5 ymoles of (AP—l^ C)dR 
were mixed with 5 ymoles of anthranilic acid-l-l^ c and 5 ymoles 
of o—aminophenol, respectively. The incorporation of into 
DIMBOA from mixed radioactive substrates was then compared 
with the incorporation from single radioactive substrates. 
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The five ml of reaction mixture contained: radioactive substrate 
(as indicated), 5 ymoles; ATP, 5 ymoles; with or without ATP, 
5 ymoles; and 4.5 ml of corn extract as described previously. The 
reaction was carried out at 30° for 30 minutes. The reaction 
was stopped by mixing with an equal volume of cold ether. The 
isolation and crystallization of DIMBOA and the test of DIMBOA 
purity have been described previously. 
The labeling of DIMBOA from radioactive labeled aromatic amines 
mixed with their non-labeled deoxyribulotides 
The experiment was designed so that a corn extract was incubated 
with a radioactive substrate and an equal amount of its nonradio­
active deoxyribulotide. The 5 ml reaction mixture contained: ATP, 
5 ymoles; TPNH, 2.5 ymoles; radioactive substrate (as indicated), 
5 ymoles; deoxyribulotide (as indicated), 5 ymoles; and 4.5 ml 
of corn extract prepared as described previously. The reaction 
mixture was incubated at 30° for 30 minutes. The isolation 
and crystallization of DIMBOA and the test of DIMBOA purity 
were described previously. 
The incorporation of glycollate-1-^ into DIMBOA 
The 5 ml of reaction mixture contained: TPNH, 2.5 ymoles; 
ATP, 5 ymoles; sodium glycollate—l-^ C^ (specific radioactivity 
400,000 cpm per micromole), 5 ymoles; with or without o-aminophenol, 
2.5 ymoles; and 4.5 ml of corn, extract as described earlier. The 
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reaction was conducted at 30° for 60 minutes. The DIMBOA was 
isolated and purified; and the specific radioactivity of DIMBOA 
was measured. 
The effect of thiamin pyrophosphate on DIMBOA biosynthesis 
The 5 ml of reaction mixture contained: TPNH, 2.5 ymoles; 
ATP, 5 ymoles; ribose 5-phosphate, 5 ymoles; anthranilic acid-1-
(specific activity 76,000 cpm per micromole), 2.5 ymoles; 
TPP, 2.5 ymoles; and 4.5 ml of corn extract prepared as described 
previously. TPP was omitted in the control reaction mixture. 
The reaction was conducted at 30° for 60 minutes. The DIMBOA 
was isolated and the specific activity of DIMBOA was measured. 
The synthesis of DIMBOA from anthranilic acid-l-^ C^ mixed with other 
nonradioactive substrates 
The experiment was designed so that corn extract was incubated 
with anthranilic acid-l-l^ C mixed with an equivalent amount of 
nonradioactive substrates, i.e. 3-hydroxyanthranilic acid, o-
amlnophenol, or aniline. The 2.5 ml of reaction mixture of 
experiment 1 contained: anthranilic acid-l-^ '^ C (specific activity 
76,000 cpm per mlcromole), 2.5 ymoles; nonradioactive substrate 
(as indicated), 2.5 ymoles; ATP, 1.25 ymoles; TPNH, 1.25 ymoles; 
and corn extract, 2.2 ml. The reaction was conducted at 30° 
for 30 minutes. The DIMBOA was Isolated and purified as described 
previously. 
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The 5 ml reaction mixture of experiment 2 contained; 
anthranilic acid-l-^ C^ (specific activity 76,000 cpm per micromole), 
2.5 ymoles; nonradioactive substrate (as indicated), 2.5 ymoles; 
ATP, 5 ymoles; TPNH, 2.5 ymoles; and corn extract, 4.5 ml. The 
reaction was run at 30° for 60 minutes. The DIMBOA was isolated 
and purified as described previously. 
Thin-layer chromatography of the ether extract of the incubation 
mixture of anthranilic acid-l-^ C^ and cell-free extract of corn 
seedlings 
The 5 ml of reaction mixture contained: anthranilic acid-1-
5 ymoles; TPNH, 2.5 ymoles; ATP, 5 ymoles; and cell-free 
extract, 4.5 ml. The reaction mixture was incubated at 30° for 
30 minutes. At the end of the reaction, one micromole each 
of 3-hydroxyanthranilic acid, o-aminophenol, and aniline were 
added. The ether extraction was carried out as described 
previously. After evaporation to dryness by a stream of nitrogen, 
the extract was treated with a small amount of acetone and the 
undissolved residue was removed after centrifugation. Part of 
the acetone solution was spotted on a point 2.5 cm from the bottom 
and right border of a 20 cm x 20 cm silica gel G plate. The 
silica gel was scored parallel to and 17 cm from the left margin 
and 16 cm from the right margin of the plate. The two strips of 
silica gel defined in this way were used for the chromatography 
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of DIMBOA, anthranilic acid, o-aminophenol, 3-hydroxyanthranilic 
acid, and aniline standards. The thin-layer plate was developed 
with solvent B for the first dimension and solvent C for the second 
dimension. A radioautograph was then prepared. 
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RESULTS 
Feeding of Radioactive Substrates to Corn Seedlings 
Shikimic acid-^ C^ 
The DIMBOA crystals obtained had a specific radioactivity 
of 6,660 cpm per micromole. The dilution of specific activity, 
i.e. specific activity of shikimic acid-^ C^/specific activity of 
DIMBOA-^ '^ C is 2,300. 
The radioautograph shown in Figure la represents the thin-
layer chromatograph of the main radioactive spot of a paper 
chromatograph of the ether extract of corn seedling fed with 
shikimic acid-^ C^. The radioactive spots have Rf values of 
0.96 (anthranilic acid), 0.94 (3-hydroxyanthranilic acid) 
0.75 (6MB0A), and 0.55 (DIMBOA). The radioautograph shown 
in Figure lb represents the ether extract of corn seedlings 
fed with shikimic acid-^ C^. The radioactive spots have Rf values 
of 0.95 (anthranilic acid and 3-hydroxyanthranilic acid), 0.84 
(unidentified), 0.63 (DIBOA), 0.55 (DIMBOA), and 0.44 (unidentified). 
In both of the radioautographs, DIMBOA was identified by its 
blue color on thin-layer plates after treatment of FeCl^  
and the other spots were identified by Rf values only. 
Figure 1. Radioautograph representing the ether extract from corn 
seedlings fed with shikimic acid-l^ C 
a. Thin-layer chromatography of eluate obtained from 
the main radioactive spot of a paper chromatograph 
of the ether extract 
b. Thin-layer chromatography of the ether extract 
* Rechromatography of eluate obtained from 
approximately the same Rf of a previous thin-
layer .chromatograph developed with the same 
solvent system 
33 
34 
3-Hydroxyanthranilic acid-^ H 
The total DIMBOA isolated had only 100 cpm of radioactivity 
either feeding through the cut stems or the whorl portion of 
corn seedlings. The incorporation of the into DIMBOA was 
insignificant. 
The Incorporation of Radioactive Substrates 
into DIMBOA by a Cell-free System 
Incorporation of methionine-methyl-^ into DIMBOA 
The incorporation into DIMBOA (and HMBOA) was 2,400 cpm 
with the addition of ATP and Mg^  and 400 cpm without the addition 
of ATP and Mg^ . DIMBOA and HMBOA had the same Rf value (0.5-0.6) 
when solvent A was used for the thin-layer chromatography. 
Incorporation of shlkimic acid-^ C^, anthranilic acid-1-^ . and 
3-hydroxyanthranilic acid-into DIMBOA 
The incorporation of radioactivity into DIMBOA was 200 cpm, 
2,000 cpm, and 6,000 cpm respectively from shikimic acid-l^ C, 
anthranilic acid-l-^ C^, and 3-hydroxyanthranilic acid-^ H. 
The incorporation of anthranilic acid-l-l^ C, (A-2'-^ '*C)dR, 3-
hydroxyanthranilic acid-^H, (HA-^H)dR, o-aminophenol-and 
(AP-14c)dR into DIMBOA 
The efficiency of incorporation of radioactivity into DIMBOA 
is expressed in terms of dilution of specific activity, i.e. the 
specific activity of substrate divided by the specific activity 
of DIMBOA. The results are summarized in Table 1. The incorpora-
35 
tion efficiencies in the decreasing order are o-aminophenol-^ , 
(AP-^ '^ C)dR, anthranilic acid-l-^ C^, 3-hydroxyanthranilic acid-% 
and (A-2'-l^ C)dR, and (HA-%)dR. The incorporation of the 
from anthranilic acid-l-^ C^ into DIMBOA was increased by TPNH, 
decreased by ribose 5-phosphate, and not affected by ATP. 
Table 1. The incorporation of radioactive substrates into DIMBOA 
Radioactive Substrate Cofactor(s) 
Added 
Specific 
Activity 
of 
Substrate 
(cpm/ym) 
Specific 
Activity 
of 
DIMBOA 
(cpm/ym) 
Dilution 
of 
Specific 
Activity 
Anthranilic acid-l-^ C^ TPNH 
ATP 
V 
76,000 2,056 37 
Anthranilic acid-l-^ C^ ATP 
RgP 
76,000 1,006 75 
Anthranilic acid-l-^ C^ ATP 76,000 1,353 56 
Anthranilic acid-l-^ C^ 76,000 1,384 55 
(A-2'-14c)dR ATP 76,000 390 197 
(A-2'-14c)dR 76,000 470 162 
3-Hydroxyanthranilic 
acid-^ H 
ATP 380,000 1,323 290^  
193 
(HA-3H)dR ATP 380,000 606 628 
419* 
0-Ajninophenol- ^ '^ C ATP 42,000 7,155 6 
(AP-14c)dR ATP 42,000 932 45 
*Taking into account that one of the three has been replaced 
by a methoxyl group in DIMBOA. 
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The incorporation of mixed radioactive substrates into DIMBOA 
The data concerning the incorporation of radioactivity into 
DIMBOA from the radioactive labeled aromatic amines mixed with 
their deoxyribulotides are summarized in Table 2. The addition 
of the deoxyribulotide of a radioactively labeled aromatic 
aminé only slightly affected the specific activity of DIMBOA. 
TPNH increased the synthesis of DIMBOA from anthranilic 
acid-l-l^ C. 
Table 2. The incorporation of mixed radioactive substrates into 
DIMBOA 
Radioactive Substrates(s) TPNH Specific Specific Dilution 
Activity Activity of 
of of Specific 
Substrate^ ) DIMBOA Activity 
(cpm/ ym) (cpm/ym) 
Anthranilic acid-l-^ C^ + 76,000 882 82 
Anthranilic acid-l-^ C^ 
(A-2'-14c)dR 
- 76,000 
76,000 
805 94 
Anthranilic acid-l-^ C^ - 76,000 708 107 
(A-2'-14c)dR - 76,000 70 1086 
o-Aminophenol-^  
(AP-14c)dR 
- 42,000 
42,000 
1,000 42 
o-Aminophenol-^  - 42,000 1,165 37 
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The labeling of DIMBOA from radioactive labeled aromatic amines 
mixed with their nonradioactive labeled deoxyribulotides 
The data summarized in Table 3 indicate that AdR reduced by 20% 
the specific radioactivity of DIMBOA when anthranilic acid-l-^ C^ was 
the substrate. HAdR and APdR had no effect on the incorporation of 
radioactivity into DIMBOA from 3-hydroxyanthranilic acid-^ H and o-amino-
phenol-l^ C respectively. The efficiencies of incorporation into DIMBOA 
from o-aminophenol-^ C^, anthranilic acid-l-^ c^, aniline-^ , and 3-
hydroxyinchranilic acid-^ H are in the decreasing order. 
Table 3. The labeling of DIMBOA from radioactive labeled aromatic amines 
mixed with their nonradioactive labeled deoxyribulotides. 
Radioactive Substrate Deoxyribu-
lotide 
Specific 
Activity 
of 
Substrate 
(cpm/ym) 
Specific 
Activity 
of 
DIMBOA 
(cpm/ym) 
Dilution 
of 
Specific 
Activity 
Anthranilic acid-l-l^ C — 76,000 1,167 65 
3-Hydroxyanthranilic 
acid-^ H 
— 
1,480,000 2,105 703 
.469* 
o-Aminophenol-l^ C — 42,000 750 56 
Aniline- ^ '+C — 186,000 1,125 166 
Anthranilic acid-l-^ C^ AAdR 76,000 800 95 
3-Hydroxyanthranilic 
acid-
HAdR 1,480,000 2,034 704 
469* 
o-Aminophenol- ^ '^ C APdR 42,000 760 55 
*Taking into account that one of the three % has been replaced 
by a methoxyl group in DIMBOA. 
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The incorporation of glycollate-l-^^C into DIMBOA 
The of glycollate-l-l^ C was found not incorporated into DIMBOA 
either with or without the addition of o-aminophenol. 
The effect of thiamin pyrophosphate on DIMBOA biosynthesis 
TPP was found to have no effect on the synthesis of DIMBOA from 
anthranilic acid-l-^ C^ by the cell-free extract of corn seedlings. The 
DIMBOA isolated had a specific radioactivity of 303 cpm per micromole and 
313 cpm per micromole in the presence and absence of TPP respectively. 
The synthesis of DIMBOA from anthranilic acid-1-^ *^0 mixed with other 
nonradioactive substrates 
The results of experiment 1 and 2 described in the experimental 
procedures are respectively summarized in the left and right of Table 4. 
In both experiments, the specific radioactivity of DIMBOA was lowered by 
the addition of nonradioactive 3-hydroxyanthranilic acid, aniline, or 
o-aminophenol. 
Table 4. The synthesis of DIMBOA from anthranilic acid-l-^ C^ mixed 
with other nonradioactive labeled substrate 
Specific 
Activity 
of 
DIMBOA 
Nonradioactive Substrate (cpm/ym) 
Specific 
Activity 
of 
DIMBOA 
Nonradioactive Substrate (cpm/ym) 
none none 800 
3-Hydroxyanthranilic acid 278 3-Hydroxyanthranilic acid 280 
Aniline 336 Aniline 315 
o-Aminophenol 283 
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Thin-layer chromatography of the ether extract of the incubation 
mixture of anthranilic acid-l-^ C^ and cell-free extract of corn 
seedlings 
The radioautograph of the thin-layer is shown in Figure 2. The 
radioactive spots were identified as: 1 - DIMBOA, 2 - 3-hydroxyan-
thranilic acid, 3 - anthranilic acid, 4 and 6 - o-aminophenol, and 
5 - unidentified. Spots 2, 3, and 5 are fluorescent under the 
UV light. Spot 4 is the o-aminophenol unoxidized in the first 
dimension and oxidized during the second dimension. Spot 6 is 
the o-aminophenol oxidized during the first dimension. 
Figure 2. Radioautograph representing the ether extract of the 
cell-free extract of corn seedlings incubated with 
anthranilic acid-l-l^ C 
40b 
4 
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DISCUSSION 
Reimann and Byerrum (21) reported that quinic acid-^ C^ was 
incorporated into DIMBOA with a dilution factor of 416 by corn 
seedlings and concluded on this basis that the aromatic moiety 
of DIMBOA is biosynthesized via the shikimic acid pathway. 
This conclusion is supported by the experiment reported here, 
in which shikimic acid-^ C^ was incorporated into DIMBOA with 
a dilution factor of 2,300. The rather large difference in 
dilution factors for these two compounds, which are metaboli-
cally closely related, is probably not very significant. The 
same compound can, in different experiments, give quite 
different incorporation data. Busted (12) reported anthranilic 
acid-^ N^ was incorporated into DIMBOA with a dilution factor of 
14, while dilution factors for anthranilic acid-l-^ C^ varied 
from 280 to 7,600 in several experiments. The dilution factor 
is determined by the amount of labeled material fed, the 
endogenous pool sizes of this material, the end product, and 
all the intermediate compounds, as well as the rate of con­
version of precursor to product and the time allowed for 
metabolism. The pool sizes may vary slightly from one plant 
to another, so that when only a small number of plants are 
used in each experiment, some variation can be expected. 
More importantly, when different numbers of plants, of varying 
42 
sizes and physiological states, are used, it is very difficult to 
compare dilution factors. When these variables are carefully 
controlled, the dilution factor can be an index of proximity 
of a labeled precursor to an end product, and meaningful compari­
sons can be made. Without this type of control, the only 
conclusions that can be drawn are that various compounds are 
or are not precursors of a product. 
Although quinic acid is not considered an intermediate 
in the shikimic acid pathway (32) it has been shown to be 
incorporated readily into aromatic amino acids (33) apparently 
by oxidation to 5-dehydroquinic acid, which is an intermediate. 
Shikimic acid is converted to anthranilic acid in the biosyn­
thesis of tryptophan (32). The radioautograph shown in Figure 
1 indicates that shikimic acid-^ C^ is converted to anthranilic 
acid and DIMBOA by corn seedlings. The sequence of quinic acid, 
shikimic acid, and anthranilic acid in the biosynthesis of 
DIMBOA by corn seedlings seems to be established. 
When 3-hydroxyanthranilic acid-^ H was fed to corn seedlings, 
the tritium was not incorporated into DIMBOA. In similar experi­
ments performed in this laboratory earlier, no incorporation 
of into DIMBOA from o-aminophenol-^ N^ was found (34). Both 
compounds are rather unstable towards air oxidation. The 
commercial 3-hydroxyanthranilic acid is dark-brown in color 
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and reveals several spots when analyzed by thin-layer chroma­
tography. 3-Hydroxyanthranilic acid is fairly stable in dry 
form but it quickly turns brown in solution. In feeding 
experiments, these compounds may be oxidized before being 
absorbed by the plant, or by phenol oxidase (35) after absorp­
tion but before reaching the metabolic pools of intermediates 
in DIMBOA biosynthesis. In a suitable cell-free extract, both 
p-aminophenol and 3-hydroxyanthranilic acid, as well as anthran-
ilic acid and aniline, are incorporated into DIMBOA (Tables 1 
and 3). The addition of reducing agent is commonly necessary 
to demonstrate enzymatic activity in extracts of plants (36, 
37). In this case the addition of ascorbate and mercapto-
ethanol was found to be effective. The role of reducing agents 
in the extraction of enzymes from plant tissues has been discussed 
by Anderson (36) and Loomls (37). Upon disruption of plant 
tissues phenolic compounds and phenol oxidases are brought into 
contact with each other with the result that reactive quinones 
and other products are formed. These products are powerful 
non-specific enzyme inhibitors. Ascorbic acid and thiols are 
capable of reducing quinones back to phenols and apparently 
are effective in preserving enzyme activity because of this 
property. 
The result of incubation of methlonlne-methyl-l^ c with a 
cell-free extract of corn seedlings indicates that methionine 
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is the methyl donor for the biosynthesis of DIMBOA. Addition of 
ATP and Mg^  greatly increase the methylation. Methionine is 
the methyl source for many biological transmethylation reactions 
(38). ATP and Mg^  are required and S-adenosyl-methionine is 
formed as an intermediate. The methylation in the biosynthesis 
of DIMBOA very likely follows the same mechanism. The immediate 
substrate and product of this methylation are not known. The 
reaction could occur before or after the formation of the oxazine 
ring. Identification of the substrate and product Involved 
would help to elucidate the DIMBOA biosynthetic pathway. Reimann 
and Byerrum (21) reported that methionine-methyl-^ '*C was 
exclusively incorporated into the 7-methoxyl of DIMBOA when it 
was fed to corn seedlings through the cut stems. 
As discussed in the literature review, Reimann and Byerrum 
(21) postulated that the N-deoxyribulotide of an aromatic amine 
derived from the shikimic acid pathway is an intermediate in the 
biosynthesis of DIMBOA. Anthranilic acid is a precursor to 
DIMBOA (12) and it is derived from shikimic acid. In Teooma 
stemst 3-hydroxyanthranilic acid and o-aminophenol are intermediates 
in the biosyntheses of catechol (23) and isophenoxazine (26) 
from anthranilic acid. 3-Hydroxyanthranilic acid and o-aminophenol 
are also likely to be precursors to DIMBOA. The N-deoxyribulotides 
of radioactively labeled anthranilic acid, 3-hydroxyanthranilic acid, 
and o-aminophenol were, therefore, synthesized and experiments 
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were designed to test whether the N-deoxyribulotides are the 
precursors to DIMBOA. 
The synthesis of 1-(o-carboxyphenylamino)-l-deoxyribulose 5-
phosphate was adapted from the procedure reported by Doy (39) in 1966. 
Smith and Yanofsky (22) also reported a chemical synthesis of the 
deoxyribulotide of anthranilic acid in 1960. The procedure of Doy has 
the advantages over that of Smith and Yanofsky of yielding a solid pro­
duct, being simpler, and giving a higher yield. The synthesis involved 
condensation of ribose 5-phosphate and anthranilic acid followed by re­
arrangement of the condensation product. A high yield of product free 
from anthranilic acid was obtained. There was no report in the litera­
ture for the synthesis of l-(2'-carboxy-6'-hydroxyphenylamino)-l-deoxy-
ribulose 5-phosphate and l-(o-hydroxyphenylamino)-l-deoxyribulose 5-
phosphate. The syntheses were tried by adapting the procedure for the 
synthesis of anthranilic deoxyribulotide. o-Aminophenol is less solu­
ble than anthranilic acid in ethanol. The volume of ethanol was 
doubled and a satisfactory result was obtained for the synthesis of o-
aminophenol deoxyribulotide. 3-Hydroxyanthranilic acid is 
scarcely soluble in ethanol and water, solvents suitable for 
the Amadori rearrangement (31). The solubility of 3-hydroxy-
anthranilic acid was imporved by the addition of a small amount 
of dimethyl sulfoxide. The amount of ethanol and water was 
increased greatly and only a poor yield of product was obtained. 
Each of the three deoxyribulotides has a UV absorption maximum 
at a longer wavelength, and a smaller RF value on paper chroma-
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tography, than its parent aromatic amine. The aromatic amine 
was released when the deoxyribulotide was incubated in alkaline 
solution. Beyond the paper chromatography, UV spectrum, and 
color reactions with Hanes-Isherwood reagent and triphenyltetra-
zonium reagent, the structures of the deoxyribulotides were 
not further studied. Whether a hemi-ketal is formed between 
the hydroxyl on the aromatic ring and the ketone carbonyl of 
the pentose was not ascertained. 
In the studies of the synthesis of DIMBOA from radioactively 
labeled substrates by cell-free extracts of corn seedlings, the 
efficiencies of incorporation were expressed as dilution of 
specific activity instead of total Incorporation. The isolation 
of DIMBOA by ether extraction and crystallization as described 
previously is not quantitative, and the deviations in the 
recovery of DIMBOA could be rather significant. Expression 
in dilution of specific activity was considered much more 
accurate. 
Table 1 indicates that the aromatic amines are much more 
effective than their deoxyribulotides for the synthesis of DIMBOA. 
The data suggest that the incorporation of radioactivity into 
DIMBOA from deoxyribulotides is probably due to the aromatic 
amines released by hydrolysis of the deoxyribulotides. The 
deoxyribulotides are not very stable. Slow hydrolysis is 
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expected. The amount of aromatic amine released at 30° in 60 
minutes could be significant. On the other hand, the preparations 
of the deoxyribulotides could have contained some impurity which 
inhibited the synthesis of DIMBOA. In order to investigate this 
possibility, experiments with mixed substrates were devised. 
In the mixed substrates experiments, it is assumed that the 
deoxyribulotide is an intermediate between the aromatic amine and 
DIMBOA. In the first of these experiments, equivalent amounts of 
radioactively labeled aromatic amine and its deoxyribulotide 
of the same specific activity were mixed. The hypothetical 
impurity which inhibits the synthesis of DIMBOA from the deoxy­
ribulotide would also inhibit the synthesis from the aromatic 
amine if it is converted to the deoxyribulotide in one of the 
earliest steps. Without adding ribose 5-phosphate, quantitative 
conversion of the aromatic amine into its deoxyribulotide is 
very unlikely and the increase of deoxyribulotide concentration, 
if any, would not be significant. Therefore, the inhibition of 
DIMBOA synthesis would not be alleviated appreciably by the aromatic 
amine even if the inhibition is competitive. Therefore, if any 
inhibitor exists, the incorporation of radioactivity into DIMBOA 
from the mixed substrates should be close to that from the 
deoxyribulotide alone and much less than that from the aromatic 
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amine alone. The results shown in Table 2 are contrary to this 
hypothesis. The deoxyrlbulotides tested are unlikely to contain 
any inhibitory substance and they are also unlikely to be 
intermediates between aromatic amines and DIMBOA. 
In the second experiment, radioactively labeled aromatic 
amine was mixed with an equivalent amount of its nonradioactive 
deoxyribulotide. If the aromatic amine had to be converted into 
deoxyribulotide before being incorporated into DIMBOA, the 
addition of the unlabeled deoxyribulotide would greatly dilute 
the specific activity of any intermediate from deoxyribulotide 
to DIMBOA. The dilution of specific activity would be at least 
two-fold. The results shown in Table 3 indicate that the addition 
of unlabeled deoxyribulotide does not dilute the specific 
activity of DIMBOA synthesized from 3-hydroxyanthranilic acid-^ H 
or o-aminophenol-l^ C at all. The specific activity of DIMBOA 
synthesized from anthranilic acid-l-^ C^ is reduced by 30% 
in the presence of its deoxyribulotide. The specific activity 
of DIMBOA should be reduced by more than 50% if anthranilic 
deoxyribulotide is an intermediate between anthranilic acid 
and DIMBOA. The reduction of DIMBOA activity is probably due 
to dilution of anthranilic acid-l-^ C^ by hydrolysis of anthranilic 
deoxyribulotide. The results shown in both Table 2 and 3 
substantiate that the deoxyrlbulotides are not precursors to DIMBOA. 
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Table 1 also indicates that xibose 5-phosphate decreases the 
synthesis of DIMBOA from anthranilic acid-l-^ C^. No stimulation 
of DIMBOA synthesis by ribose 5-phosphate is consistent with the 
finding that the deoxyribulotides are not precursors to DIMBOA. 
The concentration of anthranilic acid-l-^ C^ may be lowered by 
condensation with ribose 5-phosphate for the synthesis of 
tryptophan, and the rate of DIMBOA synthesis would be, in turn, 
decreased. 
Thiamine pyrophosphate was found to have no effect on the 
synthesis of DIMBOA and the of glycollate-l-^ C is not incorporated 
into DIMBOA. Thiamine pyrophosphate is known to be involved in 
the formation of some two carbon compounds, acetate phosphate (40) 
and active glycoaldehyde (41), for example, from the first two 
carbons of pentoses. Reimann and Byerrum (21) also reported 
that the of acetate-l-l^ C, glycollate-l-l\c, glycine-Z-^ C^, 
and glycerate-3-^ C^ are not incorporated into the oxazine ring 
of DIMBOA. In summation of all these findings, ribose is unlikely 
to supply its first two carbons for the formation of the oxazine 
ring by the formation of two or three carbon compounds, although 
the possibility is not definitely eliminated. 
Reimann and Byerrum (21) fed ribose-l-^ C^ to com seedlings 
through the cut stems and found the following distribution of 
radioactivity in DIMBOA: the carbon at position 3, 62.5% and 
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the aromatic carbons, 31.5%; but the results of the present work 
using a cell-free system seem to disprove the suggestion that 
ribose is a ready precursor for the formation of the oxazine 
ring of DIMBOA. Ribose is an active metabolite and is transformed 
into many compounds in plant tissues. The immediate precursor 
of the oxazine ring is probably a metabolic product of ribose, 
which is not readily formed from ribose by the cell-free extract 
of corn seedlings. The cell-free extract prepared seems to be 
able to supply the two carbons for the formation of the oxazine 
ring. It is possible that the ascorbate which has been added 
in the preparation of the cell-free extract is the immediate 
precursor for the formation of the oxazine ring of DIMBOA. In 
plants, through the action of transketolase, the first two 
carbons of a pentose are transferred to a tetrose for the forma­
tion of a hexose which, in turn, may be utilized for the synthesis 
of ascorbate (41). The amino group of an aromatic amine, 
probably o-aminophenol, may react with the first carbon of ascor­
bate with the formation of an amide bond and the aromatic hydroxyl 
group may then add across the double bond of ascorbate. A 
reverse-aldol cleavage of the linkage between carbon 2 and 3 
would result in the formation of 2-hydroxy-l,4-benzoxazine-3-
one. Hydroxylation of the nitrogen and hydroxylation of carbon 
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7 followed by transmethylation would result in the formation of 
DIMBOA: 
CHg-OH 
H C-OH 
N: 
Ho 
+ 
l—C-H 
C-OH 
C-OH 
I 
1 — c = 0  
CHgOH 
HC-OH 
HO-CH 
HC-OH 
0\ 
r Î -OH 
N^ ^^ O 
H 
CHgOH 
HC-OH 
HO—CH 
The results in Table 3 indicate that o-aminophenol, anthranilic 
acid, aniline, and 3-hydroxyanthranilic acid are incorporated 
into DIMBOA in decreasing order of efficiency. This is consistent 
with the results shown in Table 1 where aniline is not included. 
Theoretically, the lower the dilution the closer the precursor 
is to the product in a biosynthetic sequence. But it is apparent 
from the structures that these four compounds are likely to form 
a sequence for the conversion of 3-hydroxyanthranilic acid to 
o-aminophenol. The radioautograph in Figure 2 shows that 
anthranilic acid-l-^ C^ is converted to 3-hydroxyanthranilic acid. 
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o-aminophenol, and DIMBOA. In Teooma stccns, anthranilic acid -» 
3-hydroxyanthranilic acid o-aminophenol was reported to be a 
sequence in the biosynthesis of catechol (23) and isophenoxazine 
(26). These aromatic amines may be in the same order in the 
biosynthesis of DIMBOA in corn seedlings. The lower efficiency 
of incorporation from 3-hydroxyanthranilic acid could be due 
to substrate inhibition for its decarboxylation or being a 
competitive inhibitor of o-aminophenol for the following step. 
Aniline seems to be not a normal precursor but can be hydroxylated 
to yield c-amincphenol. 
The mixed substrate experiment (Table 4) was designed to give 
more evidence for the sequence of the aromatic amines. It was 
assumed that the aromatic amine which is an intermediate between 
anthranilic acid and DIMBOA would greatly dilute the specific 
activity of DIMBOA synthesized from anthranilic acid-l-^ C^ 
and the aromatic amine which is not an intermediate would not 
affect the specific activity of DIMBOA. The results in Table 
4 show that 3-hydroxyanthranilic acid, aniline, and o-aminophenol 
all cause a lower specific activity in DIMBOA from anthranilic 
acid-l-l^ C. However the aromatic amines are structurally similar 
and competitive inhibition among them could cause the same 
result. 
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Table 1 also indicates that ATP does not increase the synthesis 
of DIMBOA from anthranilic acid-l-^ C^. Energy is expected to be 
required for the synthesis of DIMBOA, at least for the step of 
transmethylation. The cell-free extract is apparently capable 
of generating the energy required. Oxidation of endogenous 
substrates as well as the ascorbate added, coupled to oxidative 
phosphorylation, could produce the energy required. 
Tables 1 and 3 also indicate that TPNH increases the synthesis 
of DIMBOA from anthranilic acid-l-^ C^. It would be interesting 
to study the effect of other reducing agents, such as DPNH, 
tetrahydrofolic acid, and ascorbic acid for the stepwise conver­
sion of the aromatic amines using dialyzed cell-free extracts 
or precipitated and partially purified enzyme preparations. 
The radioautograph in Figure 2 has a dense unidentified spot 
which is fluorescent under UV light. It may also be a precursor 
to DIMBOA, but it has not been isolated and tested. The spot 
of Rf 0.84 in Figure lb may be the same compound. 
As mentioned in the literature review, Tipton et al. (16) 
suggest possible biosynthetic relationship between DIMBOA, DIBOA, 
HMBOA, and their glucosides. The homogenous cell-free extract 
used for the present studies provides a system which may be 
suitable for the kinetic study of the synthesis of the benzoxazinones. 
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Valuable information concerning the late part of DIMBOA biosynthesis 
may be obtained. If HMBOA or its glucoside is found to be the 
immediate precursor to DIMBOA, it would be very probable that 
2-hydroxy-2(H)-benzoxazin-3-one (HBOA) or its glucoside is the 
precursor to DIBOA. The discovery of HBOA and its glucoside in 
rye seedlings, which contain DIBOA (14) would be expected. 
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SUMMARY 
Feeding through the cut stems of corn seedlings, the 
of shikimic acid-^ '^ C was found to be incorporated into anthranilic 
acid and DIMBOA (2,4-dihydroxy-7-methoxy-l,4(2H)-benzoxazin-3-
one). 
Anthranilic acid-l-^ C^, o-aminophenol-^ "*0, l-(o-carboxyphenyl-
amino-2'-l^ C)-l-deoxyribulose 5-phosphate, 1-(2'-carboxy-6'-
hydroxyphenylamino-%)-l-deoxyribulose 5-phosphate, and 1-
(o-hydroxyphenylainino-^ '^ C)-l-deoxyribulose 5-phosphate were 
synthesized chemically and characterized by paper chromatography 
and UV spectra. 
A cell-free system was devised which is capable of synthesizing 
a significant amount of DIMBOA from anthranilic acid-l-^ C^ but 
not shikimic acid-^ C^. This cell-free extract was used for 
studies of DIMBOA biosynthesis. The deoxyribulotides were proven 
not to be precursors of DIMBOA. The radioactivity of o-aminophenol-
anthranilic acid-l-^ '^ C, aniline-^ *^0, and 3-hydroxyanthranilic 
acid-^ H were found to be incorporated into DIMBOA and the efficiencies 
of incorporation are in the decreasing order. The results suggest 
anthranilic acid ^  3-hydroxyanthranilic acid -*• o-aminophenol 
I 
is a sequence in the biosynthesis of DIMBOA and aniline is not 
a normal precursor. The of methionine-methy 1-^ *^0 is also 
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found incorporated into DIMBOA in the presence of Mg and ATP. 
The of glycollate-is not incorporated into DIMBOA. 
The synthesis of DIMBOA from anthranilic acid-l-^ C^ by the 
cell-free extract was found to be increased by TPNH, decreased 
by ribose 5-phosphate, and not affected by either ATP or TPP. 
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